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DISCOVERY OF 5000 ACTIVE GALACTIC NUCLEI BEHIND THE MAGELLANIC CLOUDS 

SZYMON KOZLOWSKI^ AND CHRISTOPHER S. KOCHANEK^'^ 
Draft version July 27, 2009 

ABSTRACT 

We show that using mid-IR color selection to find Active Galactic Nuclei (AGNs) is as effective 
in dense stellar fields such as the Magellanic Clouds as it is in extragalactic fields with low stellar 
densities using comparisons between the Spitzer Deep, Wide-Field Survey data for the NOAO Deep 
Wide Field Survey Bootes region and the SAGE Survey of the Large Magellanic Cloud. We use this to 
build high purity catalogs of ~ 5000 AGN candidates behind the Magellanic Clouds. Once confirmed, 
these quasars will expand the available astrometric reference sources for the Clouds and the numbers 
of quasars with densely sampled, long-term (>decade) monitoring light curves by well over an order 
of magnitude and potentially identify sufficiently bright quasars for absorption line studies of the 
interstellar medium of the Clouds. 

Subject headings: cosmology: observations — galaxies: active — quasars: general — infrared: galaxies 
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1. INTRODUCTION 

At a first glance, searching for quasars behind the disk 
of the Galaxy or the Magellanic Clouds seems neither 
useful nor promising. While this presently holds for the 
problem of finding such quasars, they are useful tools 
once discovered. In particular, they serve as astromet- 
ric references for proper motion studies and the (ultra- 
violet) bright quasars can be used to study absorption 
in the interstellar medium. They may also be unique 
tools for studying the variability of quasars. After out- 
lining the uses of such quasars and the results of existing 
searches for them, we present a simple, robust procedure 
to identify quasars in dense stellar fields with moderate 
extinction and generate a high purity catalog of quasar 
candidates in the Magellanic Clouds. 

Our understanding of the dynamics of the Galaxy 
and the Large and Small Magellanic Clouds (LMC 
and SMC) relies profoundly on our ability to mea- 
sure the proper motions of stars, and a key use of 
quasars in dense stellar fields is as astrometric refer- 
ences. After early efforts using g round based imag- 
ing in the Magellanic Clouds (e.g., [ Jones et al. ' '199j;_ 
Anguita et al. II2OOOI : iDrake et al. I I2OOI: Pcdrcros ct al 
2002") and the Galactic Bulge (e.g., Soacnhaucr et al. 
1992; Ratt enburv et al. II2007I : IVieira e t al. . 2007), most 
recent studies have used the higher astrometric precision 
of the Hubble Space Telescope (HST). This has led to con- 
siderable recen t progress on the proper motions of stars 
in the LMC (iKall ivavalil et al. I |2b06a'; 'Piatek et alj 
20M iPedreros et al. 2Q06i) , SM_C_ (Kallivavalil ct al"1 



2006bfl and the Galac t ic bulge (Ei iikcn & Rich 2002; 
Kozlowski et al. I l2006t IClarkson eTal. . ,2008.1 . These 



studies are limited by the small numbers of available 
quasars, wi th less than 100 known for the LMC (e.g. , 
Eyer 200^ iGeha et al. I 120031: iDobrzvcki et al. I |2002| . 
20051 ) and only a few dozen candid ates behind the Galac- 



tic Bulge (e.g.. lSumi et al. Il2005f ). 
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A second use for these quasars is for absorption line 
studies of the i nterstellar medium of the Galaxy an d 
the Clouds (e.g.. lShull et~an[2000l:[Savage et al. l[2000h . 
For the Clouds this has largely been limited to stud- 
ies of the Magellanic Stream fe.g..[Sembach et al. Il20"00l: 
Smoker et aLll2005t iLehner et al.Tl2008l : iMisawa et al. I 
2001 " rather than the Clouds themselves. While there 



are no guarantees that sufficiently bright quasars exist 
behind the Clouds, the advent of the Cosmic Origins 
Spectrograph for HST will allow the use of significantly 
fainter quasars than earlier studies. 

The third, and least obvious, use of these quasars 
is as the best existing data base for understanding 
quasar variability. Because of the microlensing studies 
of the Magellanic Clou ds and the G alactic bulge (EROS 
- lAfonso et al~l IT9 99: MACHO - 'Alcock et aU I2OO0I : 
MOA -iBond et_al^ 2001; OGLE - Udalski 2003f ). most 
quasars identified in these regions will have well-sampled, 
decade long light curves that can be used to study the 
optical variability of quasars. T he ensemble variabil- 
ity of quasars is wel l studied (e.g.. lde Vries et al~ll2003l : 
IVanden Berk et aT~i 2004). but less is known about the 
variability properties of individual quasars because it 
has been difficult to monitor them in large numbers. 
While some newer projects will remedy this problem 
(e.g., QUEST, Ringstorf et al. 2009; Pan-STARRS, 
LSST), these data already exist for quasars in the mi- 
crolensing regions and, to a lesser exte nt, for Stripe 82 
of the Sloan Digital Sky Survey (SPSS, iBramich et al. I 
I2OO8D . For example. [Kelly et al. I (|2009D . recently found 
that quasar light curves have characteristic time scales 
that are well-correlated with their black hole mass (esti- 
mated from their emission line widths), but poorly corre- 
lated with their accretion rate (relative to Eddington). A 
significa nt fraction of the qua sars suitable for the analysis 
were the ' Geha et al. I (|2003l ) variability-selected quasars 
in the LMC. 

Most quasars are identified by distinguishing their op- 
tical colors from those of stars, with the SDSS samples 
repre senting the largest co lor-selected samples to date 
(e.g.. [Richards et al. Il2009f) . In dense stellar fields, how- 
ever, the enormously increased surface density of stars 
and stellar remnants make this approach increasingly 
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[5.8]-[8.0] (mag) [3.6]-[8.0] (mag) 

Fig. 1.— [3.6] - [4.5]/[5.8] - [8.0] color-color distribution (left) and [3.6] - [8.0]/[8.0] CMD (right) of the extragalactic SDWFS. The 
smoothed contours are for 2, 10, 20, 50, 100 and 200 objects per bin with 0.1 mag bins for the colors and 0.2 mag bins for the magnitude. 
In the left panel we indicate the typical source typo for the different color regions (stars, E - ellipticals, SF - star forming galaxies and 
z > 1 galaxies). We also show the Stern et al. (2005) AGN wedge and the color locus of black bodies (green curve marked with squares for 
temperatures of 1500, 1300, 1000, 800 and 600 K). In the right panel we show the boundaries of our YSO and quasi-stellar objects (QSO) 
selection regions (Cut #2). The points are the AGN wedge objects, colored black if in region A and red if in region B (Cut #1). In the 
CMD, the region B AGN tend to be somewhat fainter than the region A AGN. Few quasars lie in the YSO region, but this includes the 
brightest objects. 




[5.8]-[8.0] (mag) [3.6]-[8.0] (mag) 

Fig. 2. — The same distributions as in Figure [l] but for the SAGE point source catalogs. The smoothed contours are for 2, 5, 10, 20, 
50, 100, 200, 500, 1000 and 2000 objects per bin where the bin sizes are unchanged. The black and red points again mark class A and B 
objects in the AGN wedge, but we now see that class B objects are also found on the AGB sequence, but at apparent magnitud es very 
different from those of AGN. In both panels we also show confirmed (magenta) and highly probable (cyan) YSOs from Whitne y et al. I 
ll2008i) . Many of these objects lie in the AGN wedge (478 of 722), and of those in the AGN wedge 184 (191) are in the QSO (YSO) region. 
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problematic. Thus, searches in the Clouds and the Galac- 
tic Bulge, mainly driven by the search for astromet- 
ric references, have f ocused on examini ng X-ray sources 
(jTinnev et al. I ll997HDo brzvcki et al~|[20 02. 200 |), ra- 



dio sources (e.g., iSavage 1 11976 : Filipov ic et al 



Jackson et al. 
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or time variability (lEvei 
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Geha et al. 1120031 iDobrzycki et al.1 120051 : ISumi et al. 1 
20051) . The largest samples come from the time variabil- 



ity searches, but even samples of aperiodic objects with 
long term variability turn out t o be dominat ed (80%) by 
stars rather than quasars (e.g.. lGeha et al. |[2003 ). 

Recent studies have shown that mid-IR color selec- 
tion is a n extremely efficient means of finding luminous 
quasars (|Stern et al. II2005I : iLacv et al. 1120041 ). although 
the method works poorly for low luminosity AGNs whose 
mid-IR emission is d ominated by the host galaxy (see 
iGoriian et aT~l 120081 ). There are good reasons to ex- 
pect this approach to work well even in crowded stel- 
lar fields with significant visual extinction. Normal stars 
have mid-IR (Vega) colors near zero, well away from the 
region of color space occupied by quasars — only the much 
rarer stars with significant emission from dust can begin 
to mimic the colors of quasars and many of these will 
have optical to mid-IR colors or apparent magnitudes 
that are inconsistent with those of quasars. The princi- 
pal, potential contaminants (see Blum et al. 2006), are 
Asymptotic Giant Branch (AGB) stars, planetary nebu- 
lae (PNe), and young stellar objects (YSO). 

In Section 2 we combine results from studies of 
the ex tragalactic NOAO Deep Wide Field Survey 
pannu zi & Dcy , 1999 ) Bootes field based on the IRAC 
Shallow Survey (jEisenhardt et al. I I2004D. the Spitzer 
Deep Wide Field Survey (SDWFS, lAshbv et al. 1120091 ) 
and the AGN and Galaxy Evolution Survey (AGES, C. 
S. Kochanek et al. 2009, in preparation) with the Spitzer 
SAGE Survey data (Mcixncr et al. 2006) and OGLE- 
III optical survey (Udalski et al. 2008a, b e) of the LMC 
to develop a simple method of selecting AGN in these 
dense stellar fields. We use this method to produce a 
catalog of 4699, and 657 quasar candidates in the LMC 
and SMC based on the SAGE (Mcixncr et al. 2006) and 
S3MC (iBolatto et al. II2007I) surveys. In practice, our ba- 
sic res u lt is very simp l e — th e sources thatlMeixner et aL~l 
(l2006h. iBhim et al. 1 (l200l). iWhitnev et aTl (pOOSh and 
IBolatto et al. I ()2007D systematically refer to as galaxies 
or star forming galaxies are mostly relatively high (z ^ 1) 
redshift quasars. 

2. THE METHOD 

Our basic approach is explained by Figures [T] and [2] 
where we show mid-IR color-color and color-magnitude 
distributions for both the SDWFS extragalactic field and 
the SAGE LMC field. For the SDWFS field we show all 
sources, while for the LMC we use the SAGE point source 
catalog containing ~ 4 x 10^ objects. In both cases we in- 
clude only objects with magnitudes measured in all four 
IRAC bands ([3.6], [4.5], [5.8] and [8.0]), leaving us with 
44,022 SDWFS and 220,158 SAGE sources. The SD- 
WFS covers approximately 9 sq. deg., while SAGE cov- 
ers approximately 49 deg^. We start with the Stern et al. 
(2005) mid-IR color selection criterion (a.k.a. the AGN 
wedge) based on the [5.8] — [8.0] and [3.6] — [4.5] colors. 
The AGN wedge is known to be very efficient at separat- 
ing luminous AGN from other extragalactic sources and 



normal stars. 

Cut 1. As we compare the color-color diagrams for 
the NDWFS and SAGE fields, we see that for the LMC 
there is a plume of stars rising from the stellar peak (at 
Vega colors of zero) along the blue [5.6] — [8.0] edge of 
the AGN wedge. The plume lies along the color sequence 
for 500-1000 K black bodies. For our first cut, we divide 
this color space into three regions. Class C consists of 
all objects outside the AGN wedge. We divide the wedge 
into Class A and B regions using the black body color se- 
quence shifted by 0.2 mag in [3.6] — [4.5] color. The bluer 
class B objects are roughly consistent with black bodies, 
while the redder class A objects are not. In Bootes, 90% 
of AGN wedge sources are class A (6,599 versus 608). 
If we now examine where the class A and B objects lie 
in the [3.6] — [8.0] versus [8.0] color-magnitude diagram 
(CMD), we see that the class B objects lie either on the 
AGB sequence or are generally mixed with the class A 
objects. Fortunately, there is a large flux difference be- 
tween the brightest quasars and Galactic or Magellanic 
Cloud AGB stars, which leads to our second cut. 

Cut 2. Our second cut is based on the [3.6] — [8.0] versus 
[8.0] CMD. We know from Cut 1 that we must include 
a criterion on the apparent magnitude to eliminate AGB 
stars. Moreover, if the dust emission from a star is char- 
acterized by a range of dust temperatures, then the star 
can lie in region A. In particular, the SAGE (Whitney et 
al. 2008) criteria for candidate YSOs overlap region A 
but select apparent magnitudes brighter than the typical 
AGN.^ Thus, we divide the CMD into three regions. We 
define the YSO region as 1.5 < [3.6] - [8.0] < 4.5 and 
11.0 < [3.6] < 13.5 based on Whitney et al. (2008) and 
the fainter QSO region by 1.5 < [3.6] - [8.0] < 4.5 and 
[3.6] > 13.5. The remaining space is defined as "other". 
From the Bootes field we see that the vast majority of 
the quasars lie in the QSO region (6131 versus 11), but 
the bright quasars that are the best candidates for ab- 
sorption line studies lie in the YSO region. Also, the 
YSO sample from Whitney et al. (2008) is biased to- 
ward brighter YSOs and we expect some contamination 
from fainter YSOs in our QSO region. While in Bootes 
we would lose 15% of candidates due to the [3.6] — [8.0] 
color limit, this is not a factor in the brighter SAGE sam- 
ple. Note that these cuts will work well for the Clouds 
and the Galaxy, with the balance of the YSO region shift- 
ing in favor of quasars for Galactic fields, but they would 
need to be significantly modified for a more distant field 
(e.g., M33) because the AGB sequence would shift into 
the QSO region. 

Cut 3. The OGLE-III survey covers roughly half of the 
SAGE survey area. We matched the SAGE sources with 
the OGLE-III optical photometry for their region of over- 
lap, and in Figure [3]we examine the I — [8.0]/[3.6] — [8.0] 
color-color distribution of the Bootes quasars as com- 
pared to our QSO-A, QSO-B, YSO-A and YSO-B sources 
as well as the "high probability" YSO candidates from 
Whitney et al. (2008). We divide this color space into 
region "a" containing the Bootes quasars and region "b" 
outside of it. Applying this cut excludes a reasonable 
fraction of YSOs at the potential price of missing very 

When they examine their YSO candidates more closely, Whit- 
ney et al. (2008) find they are dominated by a mixture of YSOs 
and PNe. 
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high redshift (z > 6) or obscured quasars. 

A quasar candidate is any object other than class C 
objects from Cut 1 and "other" objects from Cut 2. For 
the Bootes quasars, 6,599/608 are class A/B, 6,131/11 
arc QSO/YSO, and 5,961/181 are class a/b. Stellar con- 
tamination will be higher for class B, YSO and b than for 
class A, QSO and a. Of the 722 Whitney et al. (2008) 
YSO candidates, 478 are in the AGN wedge and, of these, 
184 (191) lie in the QSO (YSO) regions. Of those sur- 
viving the first two cuts in the QSO (YSO) regions, 147 
(162) have I-band photometry and 123 (24) of these are 
in the "a" region of Cut 3. 

3. AGN BEHIND THE MAGELLANIC CLOUDS 

When we apply the first selection cut to the SAGE 
catalog we find 5,402 objects in the AGN wedge (4,409 
in region A and 993 in region B). When we apply the 
second cut, the QSO (YSO) region contains 3,891 (301) 
objects from region A and 464 (43) from region B for 
a total of 4,699 candidates. Of these, we found OGLE- 
III optical counterparts for 1,981 (226) of the candidates 
in the QSO (YSO) region. We label the candidates as 
QSO/YSO-[AB][0ab] for their region in Cut 2, 1 and 3 
respectively, where a for Cut 3 means that we lack an 
optical counterpart. There are 1,773 of the most promis- 
ing QSO-Aa candidates (although, when matched to an 
optical catalog, most of the ^ 2,100 QSO-AO candidates 
will become QSO-Aa candidates). Table [1] presents our 
catalog of LMC quasar candidates. We also applied the 
method to the much smaller ~_3deg^ area of the SMC- 
S3MC Survey ( Bolatto et al~|l2007| ) again matching with 
the OGLE-III optical photometry. Table [5] presents the 
catalog of SMC candidates, where we found 526, 70, 45 
and 16 QSO-A, QSO-B, YSO-A and YSO-B candidates 
and 508 with optical matches. We have not worried 
about extinction here, as it is generally too low to signif- 
icantly affect our mid-IR selection criterion, but statisti- 
cal use of these samples will have to consider the effects 
of extinction on the optical, s pectroscopic l imits, proba- 
bly ba sed on H I maps such as iKim et al. I (|1998[ ) or RR 
Lyrae ( |Pejcha fc Stanek 2001). 

The purity of the catalogs will depend on the selection 
regions. Scaling the numbers of candidates in the Bootes 
field to the area and flux limits of the SAGE survey, we 
would expect 3,600, 16, 60 and QSO-A, QSO-B, YSO- 
A and YSO-B candidates, respectively, compared to the 
3,891, 464, 301 and 43 we identified as candidates and 
the 155, 29, 164 and 27 YSO candidates in these regions 
from Whitney et al. (2008). Taken at face value, the 
QSO sample purities compared to an extragalactic field 
are 95%, 3%, 20% and 0% respectively with the con- 
tamination in the QSO-A, YSO-A and YSO-B classes 
dominated by YSOs and that of the QSO-B class dom- 
inated by an unidentified population. Adding Cut #3 
leads to the loss of 2%, 1%, 19% and 35% of the candi- 
dates in these g r oups (50%, 32%, 64% and 79% of the 
IWhitnev et al. I (|2008D YSO candidates), substantially 
increasing the expected purities. Figure |1] shows the spa- 
tial distribution of the sources. The QSO-A population 
is fairly uniformly distributed across the SAGE region, 
while the more contaminated QSO-B and YSO-A can- 
didates show signs of inhomogeneities and clustering. If 
the contamination is dominated by YSO s, which tend 
to be clustered (see lWhitnev et aril2008D . then avoiding 
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Fig. 3.— [3.6] - [8.0]/I - [8.0] color-color distributions. The 
smoothed contours show the distribution of AGN wedge objects in 
the SDWFS extragalactic survey (2, 5, 10, 20 and 30 objects per 
0.1 X 0.2 mag color bin). The gray shaded region corresponds to the 
"other" region of Cut #2. The black, red, dark green and orange 
points show our QSO-A, QSO-B, YSO-A and YSO-B candidates 
from the SAGE survey, while the magenta and c yan points mark 
the c onfirmed and high probability YSOs from IWhitnev et al. 1 
II2OO8 ). The box defines our Cut #3 dividing the color space into 
regions a and b. 

candidates with close neighbors is likely to increase the 
purity of these samples. 

We can test our efficiency on samples of known quasars 
in the region. Of the 38 LMC and 9 SMC MACHO 
variability quasars (jCeha et al. II2003I ). 35 have complete 
mid-IR flux measurements and we classify 34 as quasar 
candidates (97% ), mis s ing o ne in the SMC quasars. 
iDobrzvcki et al. I (|2002l . |2005[ ). largely based on OGLE 
data, identified 13 new quasars, 8 of which have mid- 
IR flux measurements, and we classify all 8 (100%) as 
quasar candidates. NED searches for all quasars near 
the LMC found 43 quasars with mid-IR fluxes and we 
classifled 42 (98%) as candidates. The distribution of 
these quasars (35, 2, 5 and are QSO-A, QSO-B, YSO-A 
and YSO-B, respectively) by selection region is very sim- 
ilar to the Bootes field. The ROSAT PSPC sourc e cat- 
alogs ("H aberl fc Pietschl [l999l : iHaberl et all [2OO0I ) have 
poor positional accuracies for crowded fields, but with 
our much smaller numbers of candidate quasars we can 
attempt to find matches with some safety, as we clearly 
find that the X-ray sources are better correlated with our 
candidates than with randomly selected SAGE/S3MC 
sources. We note in the LMC (SMC) catalog the 117 
(17) candidates within the 90% confidence position of 
a ROSAT source. Based on comparisons to matches in 
random catalogs of SAGE/S3MC sources, we estimate 
that these matches will have a false positive rate of ap- 
proximately 30%. 

4. SUMMARY AND CONCLUSIONS 

We present a simple modification of the extragalactic 
mid-IR quasar selection method of ' Stern et al. I (|2005l ) 
for use in dense stellar fields. Only the relatively rare, 
dusty stars are a source of contamination. Of such 
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Fig. 4. — The spatial distributions of the candidate classes. 
While the QSO-A sources are very uniformly distributed, there are 
signs of inhomogeneities and small scale clustering for the more 
contaminated YSO-A candidates. The QSO-B sources have a fairly 
uniform distribution and there are too few YSO-B objects to draw 
any conclusions. 

stars, AGB stars are relatively easily eliminated while 
sources like YSOs and dusty PNe are significant con- 
taminants when searching for the rarer bright quasars 
or near the color locus of black bodies. We derive cata- 
logs of 4,699 and 657 quasar candidates for the LMC and 
SMC using the SAGE ( Meixner et al. 2006} and S3MC 
(|Bolatto et al. I [20071 ) surveys, respectively. We recover 
close to 100% of the known quasars in the SAGE/S3MC 
survey regions, demonstrating the efficiency of our selec- 
tion method. The purity of our sample compared to a 
similar extragalactic search will be very high in the pri- 
mary QSO-A region, poorer if searching for the bright- 
est quasars in the YSO-A region, and very poor in the 
QSO/YSO-B regions where the co lor locus of black bod- 
ies crosses the iStern et al. I ()2005[ ) color selection region. 
Fortunately, this region of color space contains only 10% 
of Bootes candidates. We have not addressed contamina- 
tion by other extragalactic sources, as we know from our 
use of this approach in the Bootes field of the NDWFS 
(Stern et al. 2005, Gorjian et al. 2008) that it is quite 
low. In AGES, 69% (84%) of AGN wedge targets have 
z > 1 {z > 0.5) and 86% of the spectra are classed as 
broad-line AGN with only 1% contamination by stars. 

We examined the GLIMPSE survey 

(jChurchwell et al~l l2009( l of the Galactic plane as 



well. It is clear our approach will work, but the 
GLIMPSE survey depth is markedly lower than those 
of the Clouds, so the numbers of candidates are small. 
Moreover, the survey is largely confined to regions of 
very high visual extinction where spectroscopic confir- 
mation is infeasible. Note, however, that the problem of 
stellar contamination diminishes in the Galactic plane 
relative to the Clouds because the dusty stars are shifted 
to lower apparent magnitudes, moving them away from 
the quasars. In lower stellar density fields, like those of 
dwarf spheroidals; it would be straightforward to use 
variants of our approach based on only the [3.6] and 
[4.5] bands to efficiently identify background quasars 
with warm Spitzer. 

Follow-up spectroscopy with AAOmega on the Anglo- 
Australian telescope fe.g.. .CoUess et al . 2001) could ef- 
ficiently confirm the candidates, since its large field of 
view and fiber number are well-matched to the source 
density. With an expansion in the number of extragalac- 
tic reference sources by well over an order of magnitude, 
future improvements in the proper motions of the Clouds 
will be limited by the time needed to make the proper 
motion measurements rather than by the availability of 
reference sources. Finding quasars for absorption line 
studies will require working in the higher contamination 
YSO region of our selection method. 

Perhaps most importantly, these are the most in- 
tensively monitored quasars we presently have. Many 
will have well-sampled light curves extending for over a 
decade, allowing large statistical studies of the variabil- 
ity properties of individual quasars rather than ensem- 
bles of quasars. Spectroscopy serves not only to deter- 
mine the redshift but also to supply an estimate of the 
quasar black hole masses based on their emission line 
widths (e.g., iKaspi et al. I l2000f) . With large samples 
it will quickly become clear if the tantalizing correla- 
tions betwee n variability p r opert ies and intrinsic proper- 
ties noted bv lKellv et al. I (120091 ) hold generally. 
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TABLE 1 

AGN Candidates Behind the Large Magellanic Cloud 



SAGE ID 


RA 


Dec 


[3.6] 


cr[3.6] 


[4.5] 


<7[4.5] 


[5.8] 


(7[5.8] 


[8.0] 


o-[8.0] 


V 


crV 


I 


crl 


OGLE-III ID 


type 


z 


Ref. 


J042911. 59-701649. 5 


67.29833 


-70.28043 


15.54 


0.06 


14.82 


0.11 


13.98 


0.08 


13.01 


0.06 


99.99 


9.99 


20.77 


0.27 


lmcl58. 6.1570 


QSO-Aa 


-1 


-1 


J043014.94-701457.9 


67.56225 


-70.24942 


16.09 


0.09 


15.26 


0.12 


14.33 


0.14 


13.02 


0.09 


20.57 


0.11 


19.76 


0.13 


lmcl58. 5.2597 


QSO-Aa 


-1 


-1 


J043025. 71-690419.1 


67.60714 


-69.07199 


15.98 


0.05 


15.35 


0.08 


14.48 


0.11 


13.60 


0.08 


21.40 


0.16 


20.31 


0.21 


Imcl56. 5.1120 


QSO-Aa 


-1 


-1 


J043036. 29-690727.5 


67.65124 


-69.12432 


14.71 


0.04 


13.94 


0.06 


13.10 


0.05 


12.14 


0.04 


20.36 


0.13 


19.04 


0.13 


lmcl56. 6.398 


QSO-Aa 


-1 


-1 


J043036. 81-702131. 2 


67.65339 


-70.35866 


15.51 


0.07 


14.69 


0.07 


13.73 


0.10 


12.72 


0.05 


20.99 


0.21 


19.79 


0.16 


lmcl58. 6.2269 


QSO-Aa 


-1 


-1 



Note. — The "Type" column gives the candidates' selection flags QSO/YSO-[AB] [Oab] where for Cut 3 means that the source had no optical match because it was either outside 
the OGLE-III regions or too faint. We also indicate if the source is a known quasar (redshift and reference), if it is flagged as a YSO by Whitney et al. (2008), and if it is within the 90% 
confldence radius of a ROSAT source (HP99, Haberl & Pietsch 1999). We estimate that 30% of the ROSAT identifications will be false positives. For the ROSAT sources we indicate 
the ROSAT catalog number using the format HP99_number. Unmeasured magnitudes and errors are indicated by 99.999 and 9.999 respectively. One RA, Dec and magnitude digit has 
been truncated in this illustrative table in order to fit the page. 



TABLE 2 

AGN Candidates Behind the Small Magellanic Cloud 



S3MC ID RA Dec [3.6] (t[3.6] [4.5] ct[4.5] [5.8] o-[5.8] [8.0] o-[8.0] V crV I crl OGLE-III ID type z Ref. 



J004255. 06- 732306. 18 


10.72944 


-73.38505 


15.62 


0.02 


15.00 


0.01 


14.02 


0.04 


13.21 


0.06 


20.39 


0.26 


19.61 


0.34 


smcl25. 2.30297 


QSO-Aa 


-1 


-1 


J004255. 51-732309. 03 


10.73132 


-73.38584 


15.46 


0.02 


14.87 


0.01 


13.81 


0.03 


12.81 


0.05 


20.39 


0.23 


19.33 


0.16 


smcl25. 2.30304 


QSO-Aa 


-1 


-1 


J004258. 33- 732407.37 


10.74308 


-73.40205 


15.68 


0.02 


15.14 


0.02 


13.69 


0.03 


12.52 


0.03 


19.82 


0.06 


19.28 


0.10 


smcl25. 2.30349 


QSO-Aa 


-1 


-1 


J004323. 89- 732043. 39 


10.84956 


-73.34539 


17.34 


0.07 


16.94 


0.08 


15.47 


0.11 


14.57 


0.16 


20.92 


0.13 


20.95 


0.35 


smcl25. 2.41237 


QSO-Aa 


-1 


-1 


J004413. 65- 724302. 23 


11.05690 


-72.71729 


16.15 


0.03 


15.34 


0.02 


14.12 


0.04 


13.16 


0.05 


21.42 


0.36 


20.23 


0.25 


smcl26. 3.9008 


QSO-Aa 


-1 


-1 



Note. — We indi cate if the source is a known quasar (redshift and reference), if it is flagged as a YSO bv lBoIatto et al"~l 1)20071) . and if it is within the 90% confidence radius of a 
ROSAT source CHOO. IHaberl et al.|[2000l) . For the ROSAT sources we indicate the ROSAT catalog number using format HOO_number. Unmeasured magnitudes and errors are indicated 
by 99.999 and 9.999 respectively. One RA, Dec and magnitude digit has been truncated in this illustrative table in order to fit the page. 



